Voltammetric characterisations of cobalt, iron, manganese, nickel and zinc phthalocyanine complexes tetra substituted with benzyl-and dodecyl-mercapto ring substituents and immobilisation on gold electrodes via the self-assembling technique are 
Introduction
Metallophthalocyanines (MPcs) are well known to have vast numbers of applications because of their unique chemical and physical properties. Their applications in their early discovery was mainly as dyes but over the years, there have been many applications in areas such as, photovoltaic devices [1] and [2] , molecular electronics [3] , catalysis [4] , [5] , [6] and [7] and sensing [8] .
In electrochemistry, chemically modified electrodes (CMEs) can be fabricated by using various techniques which include electropolymerisation [9] , [10] and [11] , dip-dry method [12] , drop dry method [13] , vapour deposition [14] , [15] and [16] , spin coating [17] , Langmuir-Blodgett [18] and of recent self-assembled monolayer (SAM) technique.
SAM technique is simple, reproducible and the molecules are chemically bound to the electrodes. Notable advantages of SAMs over other techniques for electrode modification are the high order and stability of the molecules on electrodes [19] , [20] and [21] . The work on the use of thiol derivatised metallophthalocyanines to form SAMs on gold electrodes is still rather limited [15] , [18] , [22] , [23] and [24] mainly due to the fact that openUP the synthesis of thiol-derivatised metallophthalocyanines is tedious and requires toxic chemical reagents.
Long chain alkanethiols are known to form densely packed crystalline or liquid crystalline materials on gold with attractive Van der Waal forces between the alkyl chains which enhances the stability and order of the SAMs [25] but these SAMs are known to have short life span because with time the sulphur group gets oxidised due to exposure to the atmospheric oxygen. Thiol derivatised metallophthalocyanine SAMs have been shown to have their sulphur group protected by the phthalocyanine ring thereby increasing their stability [26] . Investigation of the influence of a long alkyl chain on the formation and stability of thiol derivatised metallophthalocyanine SAMs should therefore be of great interest. First row transition metal phthalocyanines complexes are well known to have excellent electrocatalytic behaviour and therefore the fabrication of first row transition metal MPcs-SAM for use as electrochemical catalysts and sensors should be of importance.
In this work, voltammetric methods are used to investigate the formation and integrity of SAMs of benzyl-and dodecyl-mercapto tetra substituted cobalt, iron, manganese, nickel and zinc phthalocyanines complexes ( Fig. 1) on gold electrodes. The effects of the phthalocyanines ring substituents on the gold electrode coverage and the SAMs stability are investigated. (4) and Zn +2 (5).
Experimental

Materials and reagents
The complexes, 1-5 ( Fig. 1) were synthesised according to procedures recently reported [27] . All the reagents used for the synthesis of the complexes were of analytical grade and were used without further purification.
Dichloromethane (DCM, SAARCHEM) was distilled before use. When necessary, solutions used were deaerated by bubbling nitrogen prior to the experiments and the electrochemical cell was kept under nitrogen atmosphere throughout the experiments.
Phosphate buffers were employed where needed.
Apparatus and procedure
SAM studies were carried out with the use of Advanced Electrochemical System 
Procedure for electrode fabrication
The gold electrodes were polished with slurries of 1.0 μm and 0.05 μm alumina on a SiCemery paper (type 2400 grit) and then subjected to ultrasonic vibration in ethanol to remove residual alumina particles at the surface. The gold electrodes were then treated with 'Piranha' solution {1:3 (v/v) 30% H 2 O 2 and concentrated H 2 SO 4 } for about 1 min, this step is necessary in order to remove organic contaminants and was followed by thorough rinsing with distilled water. The electrodes were then rinsed with ethanol and finally with dichloromethane (DCM). Following this pre-treatment, the electrodes were then placed in nitrogen-saturated 1 mM solutions of the MPcs in DCM. After allowing the SAMs to form for a desired time, the modified electrodes were then thoroughly rinsed openUP with DCM and dried gently in a weak flowing nitrogen gas. The modified electrodes were stored in nitrogen-saturated phosphate buffer pH 4.0 at room temperature.
Results and discussion
Optimisation of SAM formation time
Prior to the SAM experiment, the real surface areas of the gold electrodes were determined using the conventional method, [20] . Using Randles-Sevcik equation
where n is the number of electron transferred (n = 1), D is the diffusion coefficient of The lack of inhibition of this redox system has been observed before using adsorbed cobalt tetra-aminophthalocyanine films on vitreous carbon electrodes [31] . It was expected to increase electron transfer rate but for a reversible process it is mass transport that determines the overall reaction rate at all applied potentials, therefore increase in electron transfer rate does not increase the overall rate, resulting in identical curves. A multi-layer or non-flat orientation of the molecules on gold electrodes may cause partial blockage of the central metal ion, (Co +2 ) from getting exposed to the electrolyte solution.
For SAM 1 , SAM 6 and SAM 18 (subscripts represent hours of SAM formation, Fig. 2 ), it can be said that there is no blockage of Co +2 hence no significant decrease in both anodic and cathodic currents compared to that of the bare gold electrode and also no significant shift in the peak potentials while for SAM 24 and SAM 48 there were decrease in both anodic and cathodic peak currents and also increase in the peak separation (ΔE). The decrease in peak currents was more pronounced for the CoTDMPc-SAM. could be due to the fact that the remaining gold sites were filled up but not necessary in the flat orientation but vertical orientation in which just one or two of the thiol "arms"
were bound to the gold sites and this can cause a partial blocking of the Co +2 ions from getting exposed to the electrolyte solutions. 
Blocking characteristics of the faradaic reactions by MPc-SAMs
The integrity of the different SAM formed at different times were monitored using CVs (Fig. 3) is proportional to the fraction of the gold sites covered by the MPc-SAMs and was employed for the estimation of the complexes' surface concentration on gold electrode. The surface concentration value of the SAM formed by the MTDMPc is larger than the MTBMPc counterparts, (see Table 1 for CoPc complexes at different formation times and 24 and SAM 48 , the influence of the ring substituents could be responsible for these observations. Long chain alkanethiols are known to form closely packed SAM on gold electrodes and in addition, the C 12 alkyl chain could cause more blocking of Co(II) than the benzylmercapto groups of the CoTBMPc. A good way of measuring how well SAM has isolated the gold electrode from the electrolyte solution is the so called ion barrier factor, Γ ibf which can be obtained by:
where Q Bare and Q SAM are the total charges produced under the peak due to the reduction at the bare and at SAM modified gold electrodes, (Fig. 3) . The Γ ibf values (calculated at 18 h deposition time) were close to unity for all complexes, and this implies that the SAMs are effective in providing barriers to ion and solvent permeability.
The minimum time required for a closely packed SAM to be formed based on the series of characterisation above can be estimated as 18 h from the discussion above. This time was then used for the formation of SAMs of the other eight complexes. Table 2 CoTDMPc-SAM gold electrode. Scan rate = 50 mV/s.
Central metal oxidation couples of the MPc-SAM electrodes
It is important to identify the redox couples of the central metal of the immobilised MPcs on gold as this will be needed in their applications as electrocatalysts and sensors. Ill defined cyclic voltammograms are often obtained for these redox processes [24] and [34] (especially oxidation processes) and often activation is needed in order to see well openUP defined CVs. Fig. 6 shows the CVs obtained at bare gold (curve i), CoTBMPc-SAM gold (curve ii) and CoTDMPc-SAM gold (curve iii) electrodes after activation of the modified electrodes by repetitive cycling in phosphate buffer pH 4. For both complexes, the anodic peak current increased linearly with the scan rate indicating Faradaic reactions of a surface confined species (Fig. 6, inset) . The ΔE values for both couples are 170 and 180 mV respectively. 
Stability of MPc-SAMs
The stability of the MPcs-SAM was also studied, this was studied as a function of pH and applied potential. The immobilised films showed high stability from pH 2 to 9 in the potential window −0.2 to +0.8 V However, at pH > 9 and at potential outside this window resulted to the SAM desorption. These thiol derivatised metallophthalocyanine complexes SAM modified gold electrodes showed stability with no detectable desorption when they were stored for over a period of one month in both pH 4 and pH 7 phosphate buffers.
Conclusion
This works shows that benzyl-and dodecyl-mercapto tetra substituted first transition metal phthalocyanines complexes on gold electrodes formation of stable, well packed and defect free SAMs. Using the redox system as a guide, it was 
